Abstract To design an estrogen and phenol red free medium for cell culture and check its effectiveness and safety on osteoblast growth it is necessary to maintain the estrogen receptors free for tests. For this purpose, we tested some modifications of the traditional culture media: estrogen depleted fetal bovine serum; estrogen charcoal stripped fetal bovine serum and phenol red free a-MEM. The aim of this work is to examine the effects of its depletion in the proliferation, differentiation, and toxicity of mesenchymal stromal cells differentiated into osteoblasts to obtain an effective interference free culture medium for in vitro studies, focused on non-previously studied estrogen receptors. We performed viability tests using the following techniques: MTT, alkaline phosphatase specific activity, formation of mineralized matrix by Alizarin technique and analysis of SEM/EDX of mineralized nodules. The results showed that the culture media with estrogen free a-MEM ? phenol red free a-MEM did not impact viability, alkaline phosphatase activity and mineralization of the osteoblasts culture compared to control. In addition, its nodules possess Ca/P ratio similar to hydroxyapatite nodules on the 14th and 21st day. In conclusion, the modified culture medium with phenol red free a-MEM with estrogen depleted fetal bovine serum can be safely used in experiments where the estrogen receptors need to be free.
Introduction
Cellular tests are an important manner to ensure the effectiveness and safety of medicines, drugs, and supplies in general. However, it is necessary to guarantee that the cellular environment is free from interferences (substances that compete for the same cellular receptor) that may lead to false (both positive and negative) results. This competition occurs mainly when there is structural similarity between the molecules under study (Berthois et al. 1986; Welshons et al. 1988 ).
Several cellular systems are used to study the interaction between estrogen and phytoestrogens and receptors in cultures. The use of these systems is affected by the interaction between the phenol red, a pH indicator present in most cell culture media, and the estrogen receptors (ER) (Welshons et al. 1988; Liu et al. 2013) . Literature reports that phenol red acts as a weak estrogen that may stimulate some cells sensitive to estrogen . The impact of phenol red on the different cell lineages is controversial. It is responsible for a higher responsiveness of the human breast cancer-derived MCF-7 cells and stimulation of primary cultures of immature pituitary cells and primary cultures of rat uterine cells and a low responsiveness of the human breast cancer-derived T47D cells (Welshons et al. 1988) . Another effect reported in literature is the suppressive effect on the epileptiform burst activity in primary hippocampal culture . Estrogens, phytoestrogens, and phenol red in their acid and base form display similar structures and both have affinity to ER. Although the affinity of phenol red for the ER is considered rather weak (binding affinity around 0.001 % of the estradiol), its concentration in the culture medium is considered high, which leads to the occupation of ER Welshons et al. 1988) .
Another interference found in these systems is the estrogen that is already present in the fetal bovine serum (FBS), since this hormone passes through the placenta to the fetus' circulation. The FBS is widely used in the supplementation of culture media because it contains a large amount of biological components, such as fatty acids, growth factors, aminoacids, vitamins, and hormones, including estrogen (Hemeda et al. 2014; Tekkatte et al. 2011) . The cell growth is promoted by these components, but when an estrogen-free culture is needed, the estrogen depletion in the FBS is essential (Simoncini et al. 2005) . The changes in the culture medium must not affect the proliferation and/or cell differentiation.
Steroid hormones and molecules with similar structure and charge can penetrate the membrane of target cells and the simple interaction with the ERs allows the hormone-receptor complex migration into the cell nucleus (Osborne and Schiff 2005) . Two ER subtypes of the estrogen receptor are well known: ERa and ERb, which are encoded by different genes and are located on chromosomes 6 and 14, respectively (Foster 2012; Saji et al. 2000) . The ERb is expressed in the tissues such as endothelium lungs, prostate, ovary, urogenital tissue, and some bone tissue cells, such as osteoblasts (Imamov et al. 2005; Saji et al. 2000) . Studies indicate that estrogen has a protective effect on bone by decreasing its reabsorption. This protective effect is due to the increase of the osteoprotegerin delivery and decrease of the RANKL (Receptor Activator of Nuclear Factor Kappa B Ligand) on osteoblasts. These molecules regulate the maturation and proliferation of osteoclasts on bone tissue (Somjen et al. 2011) . It prevents bone loss and reduces the risk of fractures (Zhao et al. 2013; Lee et al. 2013; Whedon 1981) . Estrogen also improves calcium absorption in the intestinal tract and reduces the loss of calcium through urine (Terauchi 2011; Heaney et al. 1987) , raises the active form of D vitamin, stimulates the circulation and production of calcitonin, which prevents the removal of calcium from bone (Lerchbaum 2014; Simonelli et al. 2005; Richart and Lindsay 1984) . Therefore, the aim of this study was to examine the effects of estrogen and phenol red depletion on the proliferation, differentiation, and toxicity of mesenchymal stromal cells differentiated into osteoblasts to obtain an effective interference free culture medium for in vitro studies, focused on non-previously studied ER.
Materials and methods
The reagents 3[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT), b-glycerophosphate, 2-amino-2-methyl-propan-1-ol (AMPOL), Tris hydroxymethyl-amino-methane (Tris), p-nitrophenylphosphate (PNPP), alizarin red, Bovine Serum Albumin (BSA), and dexamethasone were purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). Ascorbic acid, a-MEM, FBS, estrogen depleted FBS (ES FBS), gentamicin, fungizone, and trypsin were purchased from Gibco-Invitrogen Technologies (Grand Island, NY, USA). All aqueous solutions were prepared using ultra-pure apyrogenic water (Millipore Direct-Q, Millipore, Billerica, MA, USA). The analytical grade reagents were used without further purification.
Cell lineage
The mesenchymal stromal cells (MSC) were isolated, cultured, and differentiated into osteoblasts as described by Simão et al. (2007a) . b-glycerophosphate, ascorbic acid, and dexamethasone are responsible for the differentiation process.
Culture media
The control (Ct) culture medium of MSCs for differentiation into osteoblasts is composed by a-MEM, gentamicin, fungizone, dexamethasone, ascorbic acid, b-glycerophosphate, and FBS.
The modified culture medium includes: phenol red free a-MEM (PRF a-MEM) or a-MEM, estrogen depleted FBS (ES FBS) or estrogen charcoal stripped FBS (CS FBS).
The CS FBS estrogen depletion was performed by the methodology described by Simoncini et al. (2005) . Briefly, 500 mL of heat-inactive FBS was treated with 8 g of active charcoal at room temperature during 24 h, then 5-6 times centrifuged at 4,000g per 15 min, and filtrated through 0.22 lm of pore size filter to separate the charcoal from the serum.
All tests were performed using the Ct; a-MEM ? ES FBS; a-MEM ? CS FBS; PRF a-MEM ? FBS; PRF a-MEM ? ES FBS and PRF a-MEM ? CS FBS.
Cell viability assays
The classic MTT assay was used for cell viability in order to evaluate survival and proliferation of osteoblasts on different supplementations of culture media. The tetrazolium salt [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] produced the highly colored formazan dye upon nicotinamide adenine dinucleotide hydride reduction (NADH), which reflected a living cellular dehydrogenase (Mosmann 1983; Simioni et al. 2006) . After the color reaction is finished, the absorbance of each well was measured at 560 and 690 nm by means of the Spectronic device (Genesys 2). To investigate the toxicity of the alterations to the culture medium, a suspension of 2 9 10 4 osteoblastic cells in 1 mL of media (Ct; a-MEM ? ES FBS; a-MEM ? CS FBS; PRF a-MEM ? FBS; PRF a-MEM ? ES FBS and PRF a-MEM ? CS FBS) was added into each well in a 24-well microplate. The monolayer cultures of osteoblasts were incubated for 1, 7, and 14 days. The cell viability results were expressed as the percentage of the average of experiments performed in triplicate compared with the control at the first day.
Alkaline phosphatase (ALP) activity Monitoring the biomineralization process was followed by quantification of the levels of ALP. This enzyme is considered a phenotypic biomarker of the biomineralization process (Ge et al. 2006; Millán 2006b ). ALP is a nonspecific enzyme and its enzymatic activity was determined by its action on the substrate p-nitrophenylphosphate (PNPP). The p-nitrophenylphosphatase (PNPPase) activity was determined discontinuously at 37°C, in the supernatant after treatment of homogenized cells suspension with phospholipase C (PIPLC) and ultracentrifugation at 36,000 rpm. The activity was measured via formation of the p-nitrophenolate ion (PNP -) (e = 17,600 M -1 cm -1 , pH 13), at 410 nm, in 50 mM of the 2-amino-2-methyl-1-propanol (AMPOL) buffer, pH 10, containing 2 mM MgCl 2 and 10 mM (PNPP), in a final volume of 1 mL, according to the procedure described by Camolezi et al. (2002) . The assays were performed on the 7th, 14th, and 21st day of plating. All determinations were carried out in triplicate. Controls without added enzyme were included in each experiment to determine non-enzymatic substrate hydrolysis. One enzyme unit (1 U) is defined as the amount of enzyme hydrolyzing 1.0 nmol of substrate per min at 37°C per mg or mL of protein.
Mineralized matrix formation
The mineralized matrix formation was assessed at the days 14th and 21st, when the formation of the nodules of hydroxyapatite crystal in the extracellular matrix is evident. For this purpose, two techniques were used: (i) The Alizarin Red S method, in which the nodules were fixed with 10 % formalin for 24 h, at room temperature. After fixation, the specimens were dehydrated through a graded series of alcohol, and processed for staining with Alizarin red that blushes red the mineralization nodules rich in calcium. Subsequently, the contents of the wells were solubilized with 10 % acetic acid, processed, and neutralized with 10 % ammonium hydroxide. The absorbance of the samples was read at 405 nm in a spectrophotometer, as described by Gregory et al. (2004) ; (ii) SEM/EDX: The surface morphology of the hydroxyapatite crystals deposited on plastic discs was investigated by scanning electron microscopy (SEM) using a Zeiss-EVO50 microscope (Souza et al. 2014 ). The Ca/P molar ratio of the films was evaluated by X-ray dispersive energy (EDX) (IXRF system 500 Digital Processing spectrometer).
Statistical analysis
Statistical comparisons were accomplished by twoway ANOVA followed by Bonferroni's test for all data sets. P values [0.05 are considered significant. Figure 1 presents the results concerning the viability of osteoblasts. The cell culture containing a-MEM ? ES FBS; PRF a-MEM ? FBS, and PRF a-MEM ? ES FBS increased the osteoblasts viability with culture time. But, the comparison between these media reveals that there was not any statistical difference during cell proliferation after 1, 7, and 14 days. The a-MEM ? CS FBS and PRF a-MEM ? CS FBS resulted in a decrease of the osteoblasts viability at the first, 7th and 14th day. Table 1 shows the results expressed as percent viability compared to the Ct at the first day.
Results

Cell viability assays
ALP activity
The ALP activity was studied on the 7th, 14th, and 21st day of culture. A maximum in activity was reached at the 14th day of culture for the systems containing a-MEM ? ES FBS; PRF a-MEM ? FBS, and PRF a-MEM ? ES FBS; and decreased on the 21st day (Fig. 2) . There is a natural relation between the increase in the number of active osteoblasts and the high production of enzymes and proteins, such as ALP and collagen type 1, on the 14th day to initiate the biomineralization process (Simão et al. 2007a ). The decreased activity on the 21st day is related to death of osteoblasts and mineralization process, where large amounts of hydroxyapatite (HAP) were deposited in the collagen matrix. The ALP activity decreased atypically on the 7th, 14th and 21st days for both a-MEM ? CS FBS, and PRF a-MEM ? CS FBS on the 14th and 21st day. The values of ALP activity on the 14th and 21st day are shown in Table 2 .
Mineralized matrix formation
The absolute reading of the results of mineralized matrix formation at 405 nm showed an increase in osteoblast mineralization from the 14th day to the 21st for both Ct; a-MEM ? ES FBS; and PRF a-MEM ? ES FBS (Fig. 3) on the day, and there was no statistical difference between the three mentioned cultures. A decrease in the formation of mineral nodules was observed with a-MEM ? CS FBS; and PRF a-MEM ? CS FBS on the 14th and 21st day. The values of absorbance on the 14th and 21st day are shown in Table 2 .
SEM/EDX
The EDX analysis of the surface was performed on the 14th and 21st day of culture in order to follow the growth and mineralization of osteoblasts. The results reveal Ca/P molar ratio of Ct; a-MEM ? ES FBS; a-MEM ? CS FBS; PRF a-MEM ? FBS; PRF a-MEM ? ES FBS and PRF a-MEM ? CS FBS on the 14th day and on the 21st day and are shown in Table 3 . The deviation of the EDX quantitative analysis is close to 10 %.
The SEM images at the magnification of 10009 (Fig. 4) and at the magnification of 30009 (Fig. 5 ) on 14th day, showed that mineralized nodules were formed in the different media. The nodules formed after 21 days are bigger in size, but exhibit similar morphology compared to the nodules formed after 14 days of culture. 
Discussion
The studies on the interaction of estrogens and phytoestrogens in cellular systems are necessary to ensure that there are no interferences that may lead to false results. Our study proposed changes in the standard cultivation of MSCs in an environment free of estrogens and phenol red, where there is no impairment in growth and differentiation of osteoblasts.
The results concerning cell viability showed that a-MEM PRF is effective on growth of osteoblasts as much a-MEM. Also, the results indicated that the ES FBS supplementation is effective in the culture media (Fig. 1) .
For the modification in the culture medium proposed (a-MEM PRF ? ES FBS), the cell viability was statistically similar to the control, which shows that despite the depletion of interfering agents, the changes were effective in the maintenance of the cell culture viability. Some decreases (not significant) in cell viability on the 7th and 14th day were observed when the ES FBS was used. This find highlights the relevance of estrogen in the growth and maintenance of bone tissue in long-term, as shown by Somjen et al. (2011) and Whedon (1981) . However, this modification is required for the ER total binding by molecules with affinity for this receptor on osteoblast, and did not show significant influence in the experiments.
All culture media supplemented with CS FBS showed no effective supplementation in both (a-MEM ? CS FBS and PRF a-MEM ? CS FBS) culture media, as evidenced by significant cell death. Even though the process of depletion of estrogen described by Simoncini et al. (2005) is a widely used technique in research, it was not effective for the growth of osteoblasts. The active charcoal removes non-polar compounds, such as lipophilic materials as virus, some hormones, growth factors, and cytokines; it may have depleted other important molecules for the growth and differentiation of osteoblasts.
The ALP activity of a-MEM PRF ? ES FBS was kept at its normal rate compared to the Ct, a-MEM ? ES FBS, and PRF a-MEM ? FBS. It evidenced that the differentiation into osteoblasts was maintained despite modifications in the culture medium. In fact, this enzyme is expressed during development of the osteoblast phenotype and it is used as a biochemical marker of bone metabolism in cell cultures (Millán 2006a, b) . Moreover, it is considered an indicator of osteoblastic differentiation and it is also a representative marker of presence of mature osteoblasts (Ge et al. 2006) . ALP is responsible for the biomineralization process of osteoblasts: it is a nonspecific phosphomonohydrolase capable of hydrolyzing in alkaline pH phosphate monoesters (ATP, ADP, AMP, pyrophosphate, glucose-6-phosphate, glucose-1-phosphate, glyceraldehyde-3-phosphate), and pyrophosphate diester phosphate, releasing organic phosphate crystals for the synthesis of the extracellular matrix hydroxyapatite. The ALP levels are directly related to the rate of cultured osteoblast mineralization (Millán 2013; Simão et al. 2007b; 2010) . The results presented herein showed that the decrease in the activity of ALP by a-MEM ? CS FBS and PRF a-MEM ? CS FBS was confirmed by impaired mineralization.
The mineralization is a natural process that occurs in osteoblasts. For this, hydroxyapatite crystals formed within the osteoblast matrix vesicles are deposited together with the collagen to form the rigid matrix of mineralized bone. The mineralization in vitro begins around the 14th day, when the ALP activity is at its maximum, and exhibits a maximum in cell cultures on the 21st day. Our results showed an natural increase in biomineralization of osteoblasts from the 14th day to (Fig. 4a, g,  respectively) ; a-MEM ? ES FBS (Fig. 4b , h, respectively); a-MEM ? CS FBS (Fig. 4c, i,  respectively) ; PRF a-MEM ? FBS (Fig. 4d, j,  respectively) ; PRF a-MEM ? ES FBS (Fig. 4e , k, respectively) and PRF a-MEM ? CS FBS (Fig. 4f, l , respectively). Osteoblasts (2 9 10 4 cells/well) were cultured in 24-well plates (Fig. 5a, g,  respectively) ; a-MEM ? ES FBS (Fig. 5b,  h, respectively) ; a-MEM ? CS FBS (Fig. 5c, i,  respectively) ; PRF a-MEM ? FBS (Fig. 5d, j,  respectively) ; PRF a-MEM ? ES FBS (Fig. 5e , k, respectively) and PRF a-MEM ? CS FBS (Fig. 5f , l, respectively). Osteoblasts (2 9 10 4 cells/well) were cultured in 24-well plates the 21st day to the Ct, a-MEM ? ES FBS, a-MEM PRF ? FBS, and a-MEM PRF ? ES FBS, thus showing the effectiveness of fully modified culture medium (a-MEM PRF ? ES FBS) to differentiate MSCs and stimulate osteoblast mineralization.
The Ca/P molar ratio from hydroxyapatite (HAP) crystals possess stoichiometric ratio [(Ca 10 (PO 4 ) 6 (OH) 2 )] Ca/P = 1.67. Table 3 shows the Ca/P ratio of the samples on the 14th and 21st day, obtained by EDX technique. Except for the PRF a-MEM ? CS FBS on the 14th day, the values attested that the nodules of mineralized matrix formed using the different culture media are composed by calcium phosphate crystals in the HAP crystalline form.
Figures 4 and 5 show the SEM images of the samples at 10009 and 30009, respectively on the 14th and 21st day. The images reveal that the PRF a-MEM ? ES FBS mineralization nodules are morphologically similar to the crystals obtained for the Ct. It is an evidence of the effectiveness of modifications in culture media. In turn, the CS FBS showed lower mineral formations around the hydroxyapatite nodules. Some few nodules may be formed, but the propagation of the mineralization is incomplete. The inefficiency of this medium for cell culture supplementation is evidenced by the empty space around the nodules.
Conclusion
The results of this study showed that it is possible to obtain a culture medium free of estrogens and phenol red that does not affect the viability, ALP activity, and biomineralization of osteoblasts. The influence of the phenol red in the culture medium cannot be discarded because it influences various cell lines, like human breast cancerderived MCF-7, human breast cancer-derived T47D cells, primary cultures of rat uterine cells and primary cultures of immature pituitary cells. The culture medium free of phenol red and estrogens may be used for experiments involving different types of estrogens, phytoestrogens, and molecules that have some similarity with ERs.
